Abstract. Hoplitis pici (Friese, 1899) is a rare species of bee occurring in southeast Europe, Turkey and the Near East. The females are equipped with conspicuous hooked bristles on the galeae of the proboscis. Microscopical analysis of both pollen contained in the abdominal scopa and sticking to the bodies of females indicates a distinct preference of H. pici for the flowers of Muscari Miller (Hyacinthaceae), which are characterized by having the anthers completely hidden within an urn-shaped corolla. Field observations showed that the specialized bristles serve to scrape pollen out of the Muscari flowers. Specialized bristles aiding female bees to extract pollen from narrow flower tubes must have independently evolved at least eight times in osmiine bees. H. pici is the only osmiine species known to use its pollen-harvesting bristles to exploit host plants other than narrow-tubed Boraginaceae.
INTRODUCTION
Though bees feed their larvae on pollen, morphological specializations especially developed for collecting pollen from flowers are rarely observed. Specialized pollen-harvesting devices are known to have evolved in bees exploiting (1) nototribic flowers where the raised position of the anthers renders an efficient collection of pollen difficult, (2) flowers of small size packed in dense inflorescences where the separate exploitation of each flower is inefficient and (3) flowers where the anthers are hidden within narrow tubes (Müller & Bansac, 2004) . Bees that collect pollen from flowers with concealed anthers are equipped with hooked or otherwise modified bristles on the proboscis or on the forelegs, which are used to scrape pollen out of narrow flower tubes. Such specialized bristles have repeatedly and independently evolved in many bee lineages within six out of the seven extant bee families as well as in several biogeographic regions (Thorp, 1979 (Thorp, , 2000 Parker & Tepedino, 1982; Müller, 1995; Müller & Kuhlmann, 2003; Neff, 2004) . Analogous morphological adaptations are also found in masarid wasps (Neff & Simpson, 1985) .
Hoplitis (Hoplitis) pici (Friese, 1899) is a rare bee known from southeast Europe, Turkey and the Near East (Zanden, 1988; Ungricht et al., in prep.) . While the males of H. pici can easily be identified by the peculiar shape of their antennae (Friese, 1899; Morice, 1901) , the female is still unknown (Zanden, 1987) . Revisional work on osmiine bees collected by W. Arens (Bad Hersfeld, Germany) in Greece has recently led to the detection of the female of H. pici (A. Müller, unpubl.) . While the females of Hoplitis (Hoplitis) are in general very uniform and notoriously difficult to identify, those of H. pici are immediately recognizable by the conspicuous hooked bristles on the proboscis.
Here, we confirm the putative function of the hooked bristles in H. pici as a pollen-collecting device and report on the species' preference for an unusual host plant.
MATERIAL AND METHODS
To determine the plants from which H. pici collects pollen, the scopal pollen contents of females were analyzed by light microscopy using the method outlined by Westrich & Schmidt (1986) . After removing pollen from the abdominal scopa, the pollen was embedded in glycerine gelatine on a slide. The percentages of different pollen types within a sample were estimated by counting the grains along four lines chosen randomly across the cover slip at a magnification of 400×. To prevent biases caused by contamination, pollen types represented by less than 5% of the counted grains were not considered. The pollen grains were identified at a magnification of 400× or 1000× with the aid of the literature cited in Westrich & Schmidt (1986) and a reference collection consisting of pollen samples of more than 500 plant species. Pollen grains were identified down to family, tribal or genus level. As H. pici is obviously rare and the hitherto unknown females are probably concealed in the undetermined material of entomological collections, only seven females were found with a reasonable amount of pollen in their abdominal scopae. These seven specimens were collected at five different localities in Greece and one in Turkey. To compensate for this limited number of samples, pollen grains adhering to head, mouthparts, legs, thorax or abdomen of ten additional females originating from six different localities in Greece and two different localities in Turkey were picked off with a fine needle. These pollen grains were mounted as described above and qualitatively analyzed.
The pollen-collecting behaviour of several females of H. pici was observed in the field using a threefold magnifying lens. The field observations took place at Stegna on the island of Rhodos (Greece) in May 2005.
RESULTS
In H. pici the specialized bristles are confined to the galeae of the proboscis (Fig. 1) . They are stiff and strongly recurved apically (Fig. 2) . Only females are equipped with such bristles. In the males, the proboscis is loosely beset with fine and short hairs of normal shape.
All seven scopal contents analysed consisted exclusively or predominantly of one pollen type belonging to lilioid monocotyledons (Table 1) . At a magnification of 1000×, this pollen type was found to exactly correspond to reference pollen samples of Muscari Miller (Hyacinthaceae). Two samples additionally contained a small amount of Asteraceae pollen. Unusual host plant of Hoplitis pici, a bee with hooked bristles on its mouthparts (Hymenoptera: Megachilidae: Osmiini)
The pollen adhering to the body of the ten females devoid of pollen in their scopa contained grains of Muscari in all but two cases. The other pollen grains were from Echium (Boraginaceae), Campanula (Campanulaceae), Lotus (Fabaceae), Lactuceae (Asteraceae), Brassicaceae and Lamiaceae, respectively.
Field observations showed that the females of H. pici indeed use Muscari as a host plant. At the observation site on Rhodos the females exploited the fertile flowers of Muscari comosum (L.) Miller (Fig. 3) . Pollen-harvesting females inserted their extended proboscis into the small opening of the more or less horizontally oriented, urn-shaped, 5-9 mm long flowers and extracted pollen from the hidden anthers by rapidly moving the proboscis repeatedly back and forth.
DISCUSSION
In the palaearctic, narrow-tubed flowers exploited by bees with hooked bristles on their proboscis or forelegs belong to the Boraginaceae or the Primulaceae (Müller, 1995; Müller & Kuhlmann, 2003) and as shown in the present study, the Hyacinthaceae. In Muscari, the six petals are connate forming an urn-shaped flower with a narrow opening and completely hide the anthers. Thus, Muscari flowers closely correspond morphologically to the narrow-tubed flowers of Boraginaceae and Primulaceae.
The nominate subgenus Hoplitis, which is geographically restricted to the palaearctic, comprises about 40 species (Michener, 2000; Ungricht et al., in prep.) . All species of which the flower preferences are known exhibit strict floral specificity: pollen is collected either from Echium (Boraginaceae), which possesses open flowers with readily accessible anthers, or representatives of the Fabaceae (Ducke, 1900; Westrich, 1989; Le Goff, 2003 , 2004 A. Müller, unpubl.) . With its preference for Muscari, H. pici clearly differs from its relatives. The low number of pollen samples makes it difficult to be certain that H. pici is a strict specialist of Muscari. However, as all the pollen loads analysed exclusively or predominantly contained pollen of Muscari and pollen grains of this plant genus were detected adhering to all but two females lacking pollen in their abdominal scopa, it is clear that Muscari is an important host plant of H. pici. As the pollen grains of Echium, Campanula, Lotus, Asteraceae, Brassicaceae and Lamiaceae found on the female bodies suggest, nectar may be collected from flowers other than those of Muscari. Whether H. pici uses Muscari species other than M. comosum is unknown, but probable as this genus is widespread in the Mediterranean area and the Near East, comprising more than 50 species, which all possess basically the same flower architecture (Hess et al., 1976) .
Within the megachilid bees hooked or otherwise modified bristles on the proboscis are known to occur only in the osmiine bees. Here, they are developed either on the galeae, on the labial palpi or on both. They occur in the following species, which all use frequently or even exclusively narrow-tubed flowers of the Boraginaceae as host plants: the palaearctic Osmia (Melanosmia) pilicornis visits the flowers of Pulmonaria (Mül-ler, 1995) , three closely related nearctic Osmia (Melanosmia) species those of Hakelia, Cryptantha, Amsinckia and Lithospermum (Parker & Tepedino, 1982) , all nearctic species of Hoplitis (Proteriades) and of Hoplitis (Penteriades) those of Cryptantha (Michener, 2000) and three closely related palaearctic Haetosmia species those of Heliotropium (Peters, 1974) . Other osmiine species equipped with a bristled proboscis are the nearctic Osmia (Melanosmia) mixta (Michener, 1949) and two closely related Asian species of Hoplitis (Pentadentosmia) (Popov, 1952; Peters, 1974) . While no host plant record exists for O. mixta (Parker & Tepedino, 1982) , the two Pentadentosmia species were observed on small-flowered Chenopodiaceae, a group lacking tubular flowers. As already stated by Peters (1974) , it is unclear whether the specialized bristles in the latter two species are indeed used to sweep pollen out of the open and flat Chenopodiaceae flowers. It is more probable that they also use narrow-tubed boraginaceous flowers in addition to Chenopodiaceae. Similarly, apart from some species of Proteriades and Penteriades, which seem to be strictly specialized on Cryptantha (Timberlake & Michener, 1950; Hurd & Michener, 1955; Parker, 1978) , the above-mentioned osmiine bees are actually polylectic and also use pollen sources other than narrow-tubed boraginaceous flowers. In conclusion, pollencollecting devices used for extracting pollen from narrow-tubed flowers must have independently evolved at least eight times in the osmiine bees including H. pici. Fig. 3 . Inflorescence of Muscari comosum with long-stalked, sterile flowers at the apex and more or less horizontally oriented, fertile flowers beneath.
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